1. Introduction
===============

The Fontan procedure has provided excellent surgical palliation through total cavopulmonary connection for patients with single ventricle.^\[[@R1]\]^ Since its introduction in 1971, several modifications have resulted in decrease in incidence of postoperative complications and death.^\[[@R2]--[@R6]\]^ However, survivors of Fontan palliation mostly have diminished exercise tolerance and easily have a failure of Fontan-pulmonary circulation.^\[[@R7]\]^ One of the most important reasons is that the absence of pre-pulmonary ventricle fails to pump blood through vasculature to maintain the necessary cardiac output which also can be affected by the change of pulmonary vascular resistance (PVR).^\[[@R8]\]^

It has been suggested that reduced PVR and pulmonary arterial pressure (PAP) could result in increased pulmonary blood flow and better cardiac filling which thereby allows an improved cardiac output response to exercise.^\[[@R9]\]^ Consequently, the pulmonary vasodilator has been identified as a potential therapy for patients with Fontan physiology.^\[[@R10]\]^ Pulmonary vasodilators involving in post-Fontan treatment mainly include the phosphodiesterase-5 inhibitors such as sildenafil and tadalafil, the endothelin receptor antagonists such as bosentan and ambrisentan, and the prostacyclins such as iloprost and beraprost.^\[[@R11]\]^ Although these drugs have been reported to be administrated in clinical trials, there is no consensus on the optimal drug treatment for the prevention of failure of the Fontan circulation.^\[[@R10]\]^

Therefore, we aimed to perform this meta-analysis to assess the efficacy and safety of such pulmonary vasodilators for patients after Fontan palliation, and hope to support evidence for clinical strategy.

2. Methods
==========

2.1. Study registration
-----------------------

This protocol is conducted according to the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) statement.^\[[@R11]\]^ We will report the results of this systematic review and meta-analysis adhere to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines.^\[[@R12]\]^ This protocol has been registered in the PROSPERO network (registration number: CRD42019132135).

2.2. Eligibility criteria
-------------------------

### 2.2.1. Types of studies

Two-arm studies including a randomized controlled trial (RCT), a prospective or retrospective cohort with comparison of objective drug and control will be incorporated in this study without published year, publication status limitations.

### 2.2.2. Types of participants

The patients with congenital cardiac anomalies underwent Fontan procedure will be included. There will be no restrictions on sex, ethnicity, economic status, and education.

### 2.2.3. Types of interventions and comparators

The treatment group will be treated with pulmonary vasodilators such as phosphodiesterase-5 inhibitor, endothelin receptor antagonist, or prostacyclin. The control group will be treated with placebo or nothing.

### 2.2.4. Types of outcome measures

The primary outcomes are the changes of pulmonary resistance, heart function, exercise capacity, and mortality after drug administration. The secondary outcomes are the changes of quality of life and adverse events.

2.3. Search strategy
--------------------

A literature search of computerized medical literature was performed using the PubMed, EMBASE, Clinical Trials, and the Cochrane Library databases. The keywords searched were "Fontan" and "pulmonary vasodilator". The search was conducted for published papers from the inception of the databases until March 20, 2019, and there were no language restrictions. To ensure that the search was complete, the reference lists of all retrieved articles were manually searched to identify additional relevant studies by 2 reviewers (DXL, XZ).

2.4. Data collection and analysis
---------------------------------

### 2.4.1. Data management

The search results from above 4 databases will be imported to Endnote X7 software (Thomson Reuters, Canada) to data management. Before the literature selection, the study criteria will be conducted between the reviewers to ensure high inter-rater agreement.

### 2.4.2. Study selection

Two reviewers (DXL, XZ) will independently evaluate the title and abstract of all studies for possible candidates. Any duplicate studies will be removed. After passing the title and abstract screening, the full-text copies of all eligible studies will be downloaded for re-evaluation. If the reviewer is uncertain about the eligibility of any study, its full text will be obtained to re-examine. An additional reviewer (QA or YF) will be consulted in case of disagreement. Excluded studies and the reasons of exclusion will be recorded. We will show the selection process in details in the PRISMA flow chart.^\[[@R11]\]^

### 2.4.3. Data collection process

Two independent researchers extracted data (DXL, XZ). Any disagreements will be resolved by a third reviewer (YF). The following data were extracted from each eligible study using a standardized data collection form: first author\'s name, study design, publication year, country where the study was conducted, sample size, age, weight, gender, main diagnosis, Fontan type, fenestration, drug dosage, and follow-up interval. Primary outcomes such as pulmonary resistance involving PVR or PAP, heart function involving New York Heart Association (NYHA) class or brain natriuretic peptide (BNP) or pro-BNP, exercise capacity involving postoperative arterial oxygen saturation (SaO2) at rest, or peak oxygen consumption (VO2), and postoperative mortality will be collected. Additional outcomes such as quality of life involving Short Form-36, and any adverse event involving protein-losing enteropathy, headache, flushing, hepatic dysfunction, edema, nausea, cough/dyspnea, fatigue, diarrhea, cutaneous discomfort (itching or rash), and somatic pain will be collected.

2.5. Quality of evidence assessment
-----------------------------------

According to Grading of Recommendations Assessment Development and Evaluation (GRADE), the quality of included studies will be assessed by the online guideline development tool <http://gdt.guidelinedevelopment.org/>), and divided into 4 levels: high quality, moderate quality, low quality, and very low quality.^\[[@R13]\]^

2.6. Assessment of risk of bias in included studies
---------------------------------------------------

The risk of bias was assessed independently by 2 reviewers using the Cochrane Collaboration tool.^\[[@R14]\]^ Every domain was scored as high risk of bias, low risk of bias, or unclear. The overall assessment of each study was graded as"low risk" (if all domains were assessed as low risk of bias), "unclear" (if at least 1 domain was assessed as unclear), or "high risk" (otherwise).

2.7. Data analysis
------------------

The measures of the effects of interest were the risk ratio (RR)/mean difference (MD) with 95% confidence intervals (CIs), in which the MDs were combined using the inverse variance method.^\[[@R15]\]^ We imputed the missing standard deviation (SD) of the change between before and after drug administration using the following formula recommended in the Cochrane Handbook: ![](medi-98-e17615-i001.jpg).^\[[@R15]\]^ We used the Cochrane Chi-Square test (*Q* test) and the *I*^2^ test to evaluate level of heterogeneity across studies. When significant heterogeneity (*P* \< . 05 or *I*^2^ \> 50%) was detected, we pooled data using a random-effect model.^\[[@R16]\]^ Otherwise, a fixed-effect model was used.^\[[@R17]\]^ We explored the source of heterogeneity using sensitivity analysis. Funnel plots were visually inspected to identify any potential publication bias. All statistical analyses were performed using Review Manager software (version 5. 3; Cochrane Collaboration, Oxford, UK) and Stata software (version 14. 0; Stata Corp., College Station, TX, USA).

### 2.7.1. Subgroup analysis

If significant heterogeneity is detected between studies, we will explore whether the results are inconsistent in different subgroups. Subgroup analysis will be performed stratified by drug category.

### 2.7.2. Sensitivity analysis

Sensitivity analysis will be conducted to assess the reliability and robustness of the aggregation results via eliminating trials with high bias risk.

### 2.7.3. Publication bias

According to Cochrane Handbook, if there are ≥10 trials included, we will construct a funnel plot and use Egger test to assess publication bias.^\[[@R15]\]^

2.8. Ethics and dissemination
-----------------------------

The study does not require ethical approval because the original data are anonymous, which no privacy will be involved. And this study will eventually be published in a peer-reviewed journal in the form of a scientific paper.
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